questions about human bone adaptation. Radius bone strength and the strain it experiences due to a given force, is highly variable 1 0 1
[14] between individuals, even those with similar bone mineral content [17] . Understanding the 1 0 2 sources of this variability is an important step towards individualized exercise prescription. players [21] , and gymnasts [22, 23] . Muscle forces also contribute to the habitual loads peripheral quantitative computed tomography [24, 25] , but not to ultradistal radius aBMD [26] . Body mass is another source of external loading. Although body mass has been consistently 1 1 0 linked to aBMD at weight bearing sites [27] [28] [29] [30] , conflicting results have been found for the 1 1 1 radius [26, 31] . Ultimately, it is not known whether loading history is related to radius bone strain 1 1 2 in the same way that it is related to aBMD. 6 25-hydroxyvitamin D serum levels and forearm DXA T-score during a prescreening visit 1 4 1 (Hologic; Marlborough, MA). DXA scans were performed using the Hologic Discovery C to 1 4 2 image the non-dominant forearm according to the manufacturer's standard protocol, and used to 1 4 3 calculate T-score and aBMD within the ultradistal and total forearm regions (Figure 2a ). T-1 4 4 scores were used to determine study eligibility, while ultradistal aBMD for enrolled subjects was 1 4 5 used in analysis to quantify the relationship between aBMD and FE-estimated strain. Qualified 1 4 6 subjects had 25-hydroxyvitamin D serum above 20 ng/ml and a total forearm DXA T-score 1 4 7 between -2.5 and 1.0. Data for qualified subjects (n=82) were collected either during the 1 4 8 screening or a single visit within approximately two weeks of screening. All participants 1 4 9 provided written, informed consent between January 2014 and November 2016. were performed according to the manufacturer's standard in vivo scanning protocol ( Figure 2b) .
Anthropometrics and Loading Assessments
The scans consisted of 110 slices with an isotropic voxel size of 82 µm, encompassing a 9.02 1 8 3 mm axial region beginning 9.5 mm proximal to a reference line placed at the distal endplate. All (mgHA/cm 3 ), total mean cross-sectional area (CSA; mm 2 ), and trabecular number (mm -1 ) were 1 9 0 calculated using the standard manufacturer's analysis, and cortical vBMD (mgHA/cm 3 ), cortical 1 9 1 thickness (mm), and cortical porosity (%) were calculated using the dual-threshold method [45- Clinical resolution CT scans were used to construct three-dimensional continuum FE palm of the hand (Figure 2c ). Briefly, the radius, scaphoid and lunate were segmented from the 2 0 4
CT scan using a 175 mgHA/cm 3 density threshold in Mimics (Materialise; Leuven, Belgium) and 2 0 5 converted to quadratic tetrahedral FE meshes with mean element edge length of 3 mm in 3Matic 2 0 6 (Materialise; Leuven, Belgium). A 2 mm quadratic tetrahedral articular cartilage mesh was 2 0 7 generated by dilating the radius in the transverse plane. Inhomogeneous, density-based material 2 0 8
properties were assigned to the radius using an established density-elasticity relationship [50]. The scaphoid and lunate were modeled as incompressible, and cartilage as a neo-Hookean Providence, RI) by applying a ramped force through the centroids of the scaphoid (180 N) and as the primary FE outcome because it has been previously related to radius bone adaptation [49] .
1 7
This scalar quantity represents the total work done on the bone tissue, provided by the multi-2 1 8 axial stress-strain state:
where E is the elastic modulus, and U is the strain energy density calculated as:
where σ n and ε n are the principal stress and strain components, respectively. Mean energy 2 2 3 equivalent strain within the region corresponding to the HRpQCT-scanned region was identified 2 2 4 10 using a custom Matlab script that implemented a mutual information image registration The normality of each measured variable was assessed by visual inspection of histogram 2 3 4 distributions. To assess the ability of DXA-based measures to predict FE strain, a power predictors. Covariates were added as a first block of independent variables, and then a single 2 4 5 modifiable factor was entered in a second block, allowing the total variance explained by the 2 4 6 intrinsic factors as a group and the predictive capability of each loading factor to be determined. The overall model residuals were visually inspected for normality and homoscedasticity using a 2 4 8 plot of residuals versus predicted values. An alpha level of 0.05 was used to detect significance. All statistical analyses were performed using SPSS v22.0. to previously reported values for young adult women [54, 55] . Correlation coefficients between 2 5 8 predictors and bone structure and strain parameters are provided in Table 2 . Mean energy 2 5 9 equivalent strain within the distal region was significantly correlated several HRpQCT 2 6 0 parameters, DXA aBMD, and body mass. Results of the nonlinear power regression between DXA aBMD and mean energy 2 6 8 equivalent strain within the ultradistal region are presented in Figure 3 . Areal BMD explained 2 6 9 51.47% of the variability in strain, with higher density values associated with lower strains under 2 7 0 a given load. variance (p=0.008). Looking at HRpQCT parameters, age and height accounted for 9.6% of the variance in explained an additional 17.0% of the variance (p<0.001). Total cross sectional area was strongly 17.9% of the variance (p<0.001). Intrinsic factors alone explained 17.4% of the variance in 2 9 0 trabecular number (p=0.001), and body mass accounted for an additional 7.6% percent of the 2 9 1 variance (p=0.011). Cortical porosity was not significantly predicted by intrinsic factors alone, 2 9 2 but adding either grip strength or adult loading score improved model predictions by 5.6% 2 9 3 (p=0.043) and 8.3% (p=0.013), respectively. None of the models predicting total BMD or 2 9 4 cortical thickness were significant. Our primary purpose was to quantify the inter-individual variability in radius 3 0 4 microstructure and FE-estimated strain explained by site-specific mechanical loading history as adult loading significantly predicted strain, suggesting that differences in cortical density and 3 1 0 cross-sectional area may compensate for each other with respect to whole-radius mechanics. Finally, greater body mass predicted higher trabecular number and lower ultradistal strain. This suggests that within the normal BMI range, greater body mass is associated with improved 3 1 3 mechanical behavior (i.e. lower strains under a given load), which may be attributed to more 
